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(54) Foldabtetube 

(57) A toldacfe tube comprises a wal in which at 
least three elongate relatively flexfcle areas are present 
wbk*ar<^fcrmp<ast* 

ment that can be foWed tnwareffy to bring the tub* into a 
contracted shape. 
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Description 

Background of the ►Mention 

[0001] The indention rebates to a toidabie tube and to 
a method lor piadnQ such a tube in a tuttier cavity. 
[0002] II is Kno^ to Wdflextte hoses into a flatten^ 
shape »i order to tacfftate easy storage, tor example by 
reeling tie flattened hose anxnd a small cfemeter reel- 
inQ drum. 

[0003] ft is ateo known to Insert wel tubulars in a con- 
traded po6&oo into a wettxxe and to expand tie tutx> 
tar downhote at the location wNre the tubular is to be 
used. Soviet patent specif cation St>633825 dfectoses 
the use of an WtiaDy corrugated tube wriich I* expanded 
downhde into a tubular shape. ttemetional patent 
appfcation, publication Na WO 97AX5345 dsdoses the 
use of a fieri* wefl tubular which is toloWlntoakttiey 
shape during Its descent through the wefcore and 
which is inflated downhote to bring the tubular Into a 
cySridricaJ shape, whereafter the tixiar is porymerised 
to provide a wefl casing. This Known tubular has an Y- 
shape and serves to provide a seal at the Junction 
between a main wefl and a branch wel Disadvantages 
of ihese known expandable com*>atedendnert>tetold- 
abie tubes are that they need to be relatively ftftt to 
eflow an easy expansion within a borehole or other cav- 
ity and that the shape of the unfolded tube is not wefl 
defined ^ 
[0004] Itis an object of the presort invention toeBevi- 
ste the disadvantages of the known toidabie tubes and 
to provide a toidabie lube which can be folded and 
unfolded relatively easdy but which generates an 
expanded tube which is robust and which has a wel 
defined tubular shape. 

Summary of the Invention 

[0005] The toidabie tube accord in g to the invention 
ccrrprises a tubular wail having at least three elongate <o 
relatively ttodbte areas where the wal is more flaxtte 
than otier areas of the wall which areas are oriented in 
a substantially paralel direction relative to each other 
along at least a substantial part of trie length of the tube 
so that in use said areas form plastic hinges which 49 
define a wafl segment that is inwardry foidable to bring 
the tube into a contacted shape. 
[0006] An advantage of the use of plastic hinges in 
accordance with tire present invention is that they lock 
the unfolded tube in its tubular shape and that the tube so 
can be made cheaply by creating the plastic hinges in 
the wall of a tube which has, apart from the plastic 
hinges, a simitar wall strength and thickness as a con- 
ventional tube that would normaBy be used in the same 
situation. 55 
[0007] It is preferred that said relatively flex tote areas 
are formed by trough-shaped grooves in the wall of the 
tube, which grooves are oriented in a paraBe! or hefical 



Direction relative to a tongrtudmal axis of the tube. 
[0008] Attematrvery the relatively weak areas are 
formed by mutually parallel axial or hefcaJ rows of 
holes. These holes may pass through the wafl of the 
5 tube or extend onry partialy into the outer or inner sur- 
face of the wafl of the tuba 

[0009] It is also preferred that at least one set of four 
grooves is arranged in the wait of the tube such that 
each set of tour grooves defines a tube segment that 
w can be folded as a U-shaped recess nwardry into the 
tube. The sides of said U-shaped recess may even be 
tokted towards each other in a defta-shape and the tips 
of the recess may be brazed together to fix the tube in 
its folded shape until a relatively low tension force is 
is exerted to the brazed Joint 

[0010] Trie tube can be folded to a high degree 
traction if two sets of four grooves are arranged synv 
metlcaly at opposite sides of the tube such that upon 
folding of the tube two delta- or U-shaped recesses are 
zo formed at opposite sides of the tube. 

[0011] IftheUxaneedstotMfQldatetoatefiShigh 
degree of contraction then a single groove or a plastic 
hinge tormed by a tubule may be arranged at one side 
and a set of tour grooves at an opposite side of the inner 
25 wall of the tube. 

[0012] The latter ernbcxfrnent of the tobe according to 
the invention can be used as a wel finer* the junction 
between a main well and a branch wefl if a branch tube 
is secured around a window in the wal of tie tube 
30 between sax* single groove and an adjacent grocve of 
sari set of four grooves at said opposrte side of the tuba 
[0013] In that case the tube is towered through the 
main well towards the junction after folding the tube into 
its contracted shape. At the {unction the tube is then 
expanded such that the branch tube is pushed into the 
entrance of the branch wel. 

[9014] The tube according to the present invention 
can be made of any material which is rjiasticafty deform- 
acfe such that the tube does not break as a result of the 
folding and unfolding operations. 
[0015] Suitable maienaJs are steel. In pa/tiadar farm- 
able steel grades such as high strength tow a*oy steels 
and dual phase steels, and plastic materials such as 
polypropylene and por^^ • 

Bpjaljttessrjr^ 

[0016] The invention w* be described tn more detail 
and by way of exampl a with reference to the accompa- 
nying drawings, in which 

Rg. 1 is a cross-axial sectional view of a foidable 
tube according to the invention which comprises 
two sets of tour grooves in the inner wafl of fce tube; 
Fig. 2 shows the tube of Fig. 1 at a somewhat 
reduced scale wherein the tube is folded into its 
contracted shape such that two U-shaped recesses 
are formed at opposite sides of the tube; 
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Rg. 3 is a cross- axial sectional view of an alterna- 
tive embodiment of the Wcfetfe tube according to 
the present invention wherein a 6ingle groove is 
present at one side and a set of lour grooves is 
present at an opposite side of the tube; 5 
Rg. 4 shows the tube of Fig. 3 at a somewhat 
reduced scale wherein the tube is folded into its 
contracted shape such that a U^haped recess is 
formed at the upper side of the tube; 
Rg. 5 is a cross-axed sectional view of a lettable n» 
tube accorefng to the invention inside a well 
wherein the tube is provided with a branch tube 
which Is inserted Wo the entrance of abranchweB 
upon oo*nhote expansion of the fofctable tube; 
Rg. 6 is a cross-axial sectional view of a totfable 15 
tube B eco mi ng to the present invention witi a U- 
shaped recess at one side and a hfnge provided by 
a tubule at tie other side; 

Fig. 7 is a cross-axial sectional view of a toldable 
tube according to tie invention which comprises 20 
three axial grooves at one side of the tube; 
Rg. 8 is a cross-axial sectional view of a toWaHe 
tube accomVtg to the present invention where the 
folded tube and tie U-shaped recesses have a 
delta-shape; and 25 
Rg. 9 is a cross-axial sectional view of a ttdaWe 
tube according to the present invention where 
ckrta-shaped recesses are present at both sides of 
the tube. 

30 

p«taited descjpfc?p *h a ^ontion 

[0017] Referring to Rg. 1 there is shown a tottable 
tube 1 which ccfnprises two sets of axial trough-shaped 
grooves 2-9 in the innerwaflof the tube 1. 55 
[0018] Rg. 1 shows the tube 1 in its unfolded cylindri- 
cal shape and the grooves 2-9 each have a simitar 
depth and width. One set of tour grooves 2-5 has been 
machined into the inner wall at the upper side of the 
tube 1 and the other set of four grooves 6-9 has been 40 
machined Wo the inner wal at the lower side of the lube 
1 . such that the two sets of grooves 2-5 and 6-9 are 
symmetrical relative to each other. The distances 
between the grooves 2 and 3» the grooves 4 and 5. the 
grooves 6 and 7 and Ihe grooves 8 and 9 are equal to 45 
each other. 

[0019] Fixlhermore the dstanca between the grooves 
3 and 4 is equal to the distance between the grooves 7 
and 8 and the distance between the grooves 2 and 9 is 
equal to the distance between the grooves 5 and & so 
[0020] The symmetrical arrangement of two sets of 
four grooves 2-5 and 6-9 enables the tube 1 to be folded 
such that the waJI segments between the grooves 3 and 
4. 7and8. 5and6and2and9are moved inwartfly 
towards the centre 11 of the tube 1 as llustrated by 55 
arrows 10 and the tube 1 obtains its contracted shape 
as is shown in Rg. 2. 

[0021] Rg. 2 shows how the relatively thin parts ot the 



tube 1 adjacent to the grooves 2-9. where the wafl thick- 
ness is snaller than tha wal thicfm^ 
the tube 1. act as plastic hinges during the Wotng pro- 
cedure. 

[0022] As a resuft of the hinging action fre grooves 3. 
4 and 7 end 8 open up whereas the grooves 2, 5, 6 and 
9 are largely dosed so that a first U-shaped recess 12 is 
formed at the upper side of the tube 1 aixi a second U- 
shaped recess 1 3 is formed at the tower side of the tube 
1 . The folded tube 1 shown in Rg. 1 has the shape of a 
rivet wrich has a signTicantty smaler outer wicth than 
the inner width of the unfolded tube shown in Rg. 1. 
Therefore tie folded tube can be moved easHy trough 
the bore of a conduit or underground wel. even through 
narrow passages termed by varvea and sharp curva- 
tures. 

[0023] R*3sricwsanajtemafrveenftoc^ 
fofdette tube according to tie invertfon in which the 
tube 15 comprises a single axial groove 16 at tie lower 
side of the tube 15 and a set of four axial grooves 17. 
18. 19 and 20 at the upper side of the tube 15. 
[OO24] The grooves 16 and 17 and 20 have been 
machined in the inner wal of tie tube 15 and the 
grooves 18 and 19 have been machined in the outer 
wal of the tube 15. 

[0025] The relatively thin wafl parts of the tube 15 
adjacent to tie grooves 16-20 form wal areas which are 
more flexWe than other parts of the tube 1SThe groove 
pattern shown in Rg, 3 allows the wal segment 
between the grooves 17 and 20 to be folded inwarcly in 
the direction of arrow 21 such that the tube 15 obtains 
the folded shape shown in Rg. 4. 
[0026] Rg, 4 shows that ontottngof the tube 15a U- 
shaped recess 22 is formed by the waB^egment of tie 
tube 15 between the set of tour grooves 17-20 at the 
upper side of the tube 15. The two relatively big wal 
segments of the lube 15 between the groove 16 at the 
tower side and the two outer grooves 17 and 20 at the 
upper side of tie tube 15 thereby pivot towards each 
other about the plastic hinge formed the at the bottom of 
the tube 15 near the groove 16. 
[0Q27] Thetube15shc^nRg.4canbeunfolr^ 
moving an expansion mandrel in axial olfaction trough 
the tube 15 anchor by Inflating the tube 15. 
[0028] The unfolded tube 15 then cfctairw fts cyfncW- 
cal shaoe as is shown in Rg. 3 and the configuration of 
parallel grooves 16-20 wil than lock the tube 15 since 
the wall segments between the grooves 16-20 form 
arches which wil be subject to hoop stress I tie 
hydraufic pressure outside tie tube 15 Is higher than the 
hydrauic pressure inside the tube 15. 
[0029] Ra 5showsatoldabletiJbe25which 
to the foidable tube 15 shown in Figs. 3 and 4 Inside a 
main wel 26 in which a wefl casing 27 has been 
cemented m place 

[0030] The main well 26 passes through an under- 
ground formation 28 and a branch wel 29 has been 
driBed through a window 30 in the wen casing 27 bter- 
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aly away from the main wel 26 into the formation 28, 
[0031] The tube 25 is made of cteel and comprises a 
single groove 31 at its lower side and a set of lour 
grooves 32-35 at its upper side. A branch tubing section 
36hasbeenweic^tofwwalseg^nertolthetut>el5 
between the grooves 31 and 32 around a window 37 
thai has been rnacNned In the wall of the tube 25 
[0032] The tube 25 has been moved in its folded con- 
tracted position through the main wefl 26 until the 
branch tubing section 36 is located adjacent to the 
entrance of the branch wel 29. 
[0033] Then the tube 25 is expended by an expansion 
mandrel into its cylindricaJ shape, which is fflustrated by 
broken Ines 38 such that tie branch tubing section 36 
is pushed through tie window 30 in tie wel casing 27 
Into tie branch wefl 29 as austated by broken ines 39 
and the arrow 40. 

[0034] An elongate breakable container 41 containing 
a sealing agent is arranged within the delta-shaped 
recess formed between tie set of tour grooves 32-35 at 
the upper side of the tube 25 which container is 
squeezed between the inner wal of the wefl casing 27 
and the outer waJof*>etut)e25ifthetubeis unfolded 
to its cyfridricaJ shape 3a The seeing agent s thereby 
squeezed into tie annular space surrounding the 
unfolded tube 25 and the branch tubing segment 39 and 
provides on curing an adequate seal which also fees 
the unfolded tube 25 and branch tubing section 36 
inside the train and the branch wells 26 and 29. 
[0035] Rg.6shcwsatoWedtube41 whkhhasaset 
of tour grooves 42. 43. 44 and 45 at its upper side and a 
single tubular Nnge 46 at its lower side. 
[0036] The tubular hinge 46 provides an area where 
the wal of the tube ts more ftodbfe than the other parts 
of the tube 41 , apart from the areas of tie tube 41 adja- 
cent to the grooves 43-45. 

[0037] The tubular hinge 46 provides moreover an 
area where the wal of the tube can be deformed in dr- 
cumfwerrtial direction during the uifokfing procedure 
[0038] Alter cornpletion of tie untoldng procedure the 
interior 47 of the tubutar hinge 46 can be Wed witi a fil- 
ing agent which provides support and fixes tie tubular 
hinge 46 »i its expended position. The interior 47 of the 
Uxiar Nnge 46 may ateo contain electric or hydraulc 
conduits for transmission of electric andfor hyoraufic 
power anoVor signals along the length of the tube 41. 
[0039] Fig, 7 shows an embodiment of the toWerJe 
tube accorefng to the invention where the tube 50 com- 
prises at its upper side three mutuaity pararte* axiaJ or 
heicaJ grooves 51. 52 and 53 which define three ptasiic 
hinges that stow the upper side of the tube 50 to be 
folded inwardly as iustrated by phantom lines 54 and 
snows 55. 

[0040] After tie upper side of the tube 50 has been 
folded inwardly tie outer width of the lower side of the 
tube 50 can be reduced as illustrated by arrows 56 by 
puling a circumferential or helical wire (not shown) 
around the thus folded tube 50. 



(0041) The tube 50 is then unfolded by inaeasing the 
hydraufic pressure in the interior of the tube 50 which 
breaks the wire and induces the tube 50 to unfold into ts 
cyfindrical shape shown in Rg. 7. 
5 [0042] Fig. 8 shows an entxxfrnent of the tofoarJe 
tubeaccorc ir igtotheinventfonw 
has a delta-shape and comprises at each corner a 
delta-shaped recess 5a 

[0049] Each cttta-shaped recess 58 is formed by 
io benrJng tie tps of the legs of a U-shaped recess 
towards each other and each recess is defined by a set 
of four plastic hinges 59. 60, 61 and 62 where the wafl 
of the tube 57 is more flenble than at other parts of tie 
tube 57. 

75 [0044] The tube 57 is unfolded by inaeasing tie 
hyoraufic pressure in the interior 63 of the tube 57 which 
causes the tube 67 to expand In the cSredton of tie 
arrows 64 so that the recesses 58 are removed. By fur- 
ther Inaeasing tie hyoraufc pressure In the interior 63 

so of the tube 57, tie tube 57 is brought Wo a cyUndrical 
shape (not shown). 

[0045] Fig. 9 shows a tube according to *e invention 
where the tube 65 comprises a set of tour axial plasti- 
cally deformabJe hinges 66, 67, 68 and 69 at its ifxper 

a side and ateo a set of four axial plasticaJty deformable 
hinges 70. 71. 72 and 73 at its tower side. 
[0046] Each set of tour hinges 66-69 and 70-73 
defines a detta-shaped recess 74 and 75. respectwety. 
[0047] The two Nnges 66 and 69 at the top of the 

30 folded tube 65 and also the two Nnges 70 and 73 at the 
bottom of the tube 65 have been brazed together. The 
thus formed brazed joints 76 and 77 created a seat 
between the interior of the dete-shaped recesses 74 
and the exterior 78 of the tube 6& 

is [0046] The tube 65 is suitable to be used in its itus- 
trated folded shape as a ori pipe where driHngmudis 
pumped through the interior 79 of tie tube 65 and 
through the delta-shaped recesses 74 and 75 to a drS 
bit (not shown). 

40 (0049] After a borehole section has been oWiedacas- 
ing is then created by inflating the tube 65 using a high 
pressure fluid a expansion mandrel (not shown) co tat 
the brazed joints 76 and 77 break open and the tube 65 
unfolds into as cyfindrkaJ shape as Hus*ated by arrows 

45 80 The drilbit is then puled to surface on a whreSneor 
coiled tubing passing through the interior 79 of the 
expanded tube 65. 

[0050] The tube 65 and also tie tube configurations 
ilustrated in the other drawings can be spooled around 
so a reeling drum in their folded shape and reeled from the 
cVumirtoaiiundergrouridbae 
the borehole wad or rade a corroded or damaged wefl 
tubular. 

[0051] The watts of the tube accoitfr^ 
55 may comprise sieve openings of a predetermined size 
so that the tube provides a wefl saeen which is lowered 
into the borehda in its foided shaped and **rt unfoWed 
downhoie by moving an expansion mandrel through the 
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tube or by inflating a balloon in the interior of the tuba 
The unfaWno procedure does not vary the sieve open- 
ing size GO tat unfolded tube provides a sandscreen 
wrth a well defined sieve opening size. 

Claims 



thm the branch tube is pcsftwn^ 
(he branch well near the branchpoint 

The foUabto lube of daim 1 wherein the tube is 
made o( steel. 



A tofcteble tube comprising a tubular wel having at 
least three elongate relatively fteribJe areas where 
thewalhsrTXjreftecWethanomeraj^oftwwal, to 11 
which areas are oriented in a substantia*/ paralel 
ejection relative lo each other atong al least a sub- 
stantia} part of the length of the tube so that in use 
said areas from plastic hinges which define a wel 
segjnent that is inwanfy toUaWe to bring the tube is 
Ho a contracted shape. 



ia The foktabie tube of daim 
made of a plastic material. 



1 wherein the tube is 



A method of placing a fofcfabJe tube acconfing to 
daim 1 in a tubular cavity, the method compri si ng 
insert** the tube folded in its cortracted shape into 
tie cavity. untoWng the tube into its subetamlaBy 
cyfindrtcal shape at a selected location wtfwi the 
cavity and securing the tube withm the cavity. 



2. The toidabie tube of daim 1 wherein said relatively 
flexible areas are formed by ttrough-shaped 
grooves in the wall of the tube, which grooves are 
oriented to a paralel or heBcal drection relative to a 
longiturJnal axis of the tube. 

X ThetoWaUe tube of daim 3 wherein at toastoneset 
of four grooves is arranged in the wal of tiefci* 
such that each set of tour grooves defines a tube 
segment that can be folded as a delta- or U-shaped 
recess inwaafy into the tube. 

4. The toidatoJe tube of daim 3 wherein too sets of four 
grooves are arranged symmetricaty at opposite 
sides of the tube such rot it the tube Is totted into 
a contracted shape two delta- or U-shaped 
recesses are formed at opposite sides of the tube. 

5. The toidabie tube of daim 3 wherein a single 
groove is arranged in the inner wal at one side of 
trietubeandasetoftouro/oovesisamingedatan 
opposite side of the inner wal of tie tube. 

6. The foldable tube of daim 5 wherein a branch lube 
is secured around a window ii tie wal of the Ube 
which window is located between said single 
groove h said one naff of the tube and an adjacent 
groove of said set of four grooves at said opposite 
aide of tie tuba 



12. The method of daim 11 wherein the tube com- 
cftsesatle*rtc<iesetoffcxjrgrocv€sa 

dakn 3 wNch grooves define a delta- or U-shaped 
29 recess when the tube is inserted into thecavHyand 
a tubular container conta inin g a searing agent is 
arranged wfthfn said recess when the tube is 
inserted into the cavity, which container is 
squeezed and breaks open as a result of the 
25 urrWcfcig of the tube within the cavity and seafing 
agent is released into the armuter space between 
the unfolded tube and tie waft of the cavity, which 
seaSng agent Is then slowed to create an anrxiar 
seal between the unfolded tube and tie cavity wal. 

30 

13. The method of daim 11 wherein the tube is 
unfolded by inserting a seeing plug at one end of 
the tube and pumping a high pressure fluid into the 
other end of the tube. 



7. The toidabie lube of any prececfng claim wherein 
the toWatte U>e is a wel tubular which is insertable 
in a contracted shape irto the wefla^ *> 
downhole into a substantially cylirtfrkri sriape. 



8, The toidabie tube of daim 6 wherein the tube is a 
wel casing at a branchpoint in an underground wel 
and the branch tube forms partof a wel casingor « 
finer in a wel branch, and the tube is insertable in a 
contracted shape into the wel and expandable 
c*»mhoieirtoasubstafTtia^ 
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